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Dendritic Cells: The Bare Bones of
Immunity
S. Burns1,2 and A.J. Thrasher1,2
Dendritic cells are specialized antigen-presenting
cells, critical for initiating and regulating immune
responses. Two new studies demonstrate the impor-
tance of coordinated cytoskeletal regulation for their
normal function.
The control of the immune system by dendritic cells
has become one of the most prominent areas of
immunological research. These multitalented cells,
originating from bone marrow precursors, reside in an
immature state in most non-lymphoid tissues, contin-
uously sampling their environment by endocytosis,
macropinocytosis and phagocytosis. In the presence
of infection or inflammation, the actions of soluble
mediators, such as interferons, and stimulation
through members of the Toll-like receptor (TLR) and
tumor necrosis factor receptor (TNF-R) families, initi-
ate a complex maturation process that promotes the
migration of dendritic cells to secondary lymphoid
organs, where spatiotemporal regulation of the inter-
action with T cells provides the platform for induction
of protective immunity [1]. Good evidence also exists
for a constitutive traffic of dendritic cells in the
absence of activating signals, which may be important
for the control of peripheral tolerance [2]. In other
words, these cells act as a sophisticated bridge
between innate and adaptive immune systems during
protection against infection, and at the same time
maintain an immunological status quo.
The mechanisms controlling these highly regulated
processes are determined by a synthesis of extrinsic
signals and changes in the intrinsic behavior of the
cell itself. For example, maturation of dendritic cells is
accompanied by a reduction in the capacity to
capture new antigen, changes in chemokine receptor
expression that promote entry into lymphatic vessels
and lymphatic organs, and enhanced presentation of
antigen-derived peptides on class I and class II major
histocompatibility complex (MHC) molecules to T cells
at organized contact sites known as immune
synapses [1,3]. At every step of the way, these func-
tional changes are associated with dynamic and spe-
cialized alterations in the configuration of the actin
cytoskeleton and, although these are critical for the
correct functioning of the cell (and most likely can be
harmful if disturbed), our understanding of their regu-
lation and purpose is at best sketchy. 
As with all cells, the dendritic cell actin cytoskeleton
undergoes controlled assembly and disassembly of
actin filaments at specific subcellular locations.
Depending on the requirement and context, this pre-
sumably facilitates the processes of tissue localisa-
tion, antigen uptake, migration, homing, and cell–cell
interaction. The participation of the Rho GTPases
Cdc42, Rac, and Rho in the regulation of long den-
dritic processes and of specialized actin-rich adhesion
plaques called podosomes in immature dendritic cells
has been demonstrated using microinjection tech-
niques in vitro [4,5] and, although not proven, these
GTPases are likely to provide important switches for
at least some of these activities. Both Rac and Cdc42
are also required for efficient macropinocytosis/endo-
cytosis [6,7] and the Wiskott-Aldrich Syndrome
Protein (WASp), a downstream effector for Cdc42, is
essential for processing of particulate antigen, forma-
tion of podosomes, and effective migration [4,8].
Despite these insights into the regulation of the
dendritic cell cytoskeleton, the physiological relevance
of some of the cytoskeletal activities of dendritic cells
that have been identified in vitro remains enigmatic.
For example, podosomes assemble readily in cultured
immature dendritic cells adherent to substrata but
have not been clearly visualized in a physiological
tissue environment. Therefore, although the localisa-
tion of specific integrins to these structures [9] pre-
dicts an adhesive or anchorage role, possibly during
transit through endothelial barriers, such a role
remains speculative. Similarly, dendrites may have
multiple functions including sensing of local chemical
signals, protrusive cell movement, and consolidation
of cell–cell contact. Again, these activities have been
difficult to demonstrate in vivo. 
Two recent papers [10,11] published together in
Science begin to illuminate the activity and regulation
of the dendritic cell cytoskeleton in more detail, both
during maturation and during interaction with T cells.
Both studies demonstrate the importance of appropri-
ate and timely actin rearrangement for final dendritic
cell effector function, and more significantly begin to
show how specific cytoskeletal changes can be
placed in the context of physiological events relevant
to immunity.
One of the hallmarks of dendritic cell maturation is
that endocytosis and antigen uptake is curtailed after
activation and maturation. To define this process in
more detail, West and colleagues [10] examined the
early effects of TLR ligation on endocytosis. TLRs, of
which there are 11 mammalian family members, are an
important group of pattern recognition receptors,
known to mediate dendritic cell activation and pro-
duction of distinct profiles of cytokines that determine
the differentiation of T cells into effectors [12]. Many of
the cellular responses to TLR ligation are also partic-
ularly rapid, suggesting that some effects are medi-
ated directly, obviating the need for transcriptional
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events. Unexpectedly, it was found that endocytosis
is initially upregulated after stimulation with a variety
of TLR ligands, and that this augmentation is neces-
sary for optimal T cell activation. At the same time,
podosomes, which are characteristic of the immature
cell (at least they are characteristic of immature den-
dritic cells adhered to substrata in vitro), are disas-
sembled, which the authors suggest represents a
reciprocal redeployment of the actin cytoskeleton to
fuel the endocytic process. This argument is partly
supported by the transient reappearance of
podosomes coincident with the downregulation of
endocytosis in the continued presence of activating
stimuli. It should also be noted that the kinetics of
podosome recovery differed between spleen-derived
dendritic cells and bone-marrow-derived dendritic
cells and, as shown previously, fully matured dendritic
cells do not demonstrably form podosomes. A recip-
rocal link between podosome disassembly and endo-
cytosis therefore remains to be functionally
established. It is equally possible that the timing of the
appearance of podosomes reflects a unique and ded-
icated activity of these structures, for example during
mobilisation of dendritic cells from tissue sites. 
A second finding of this study was that TLR-medi-
ated activation of endocytosis and disassembly of
podosomes was dependent on activation of mitogen-
activated protein (MAP) kinase signalling, and appar-
ently independent of global changes in the activation
state of Cdc42 and Rac. Whether this latter observa-
tion is true at specific subcellular localities remains to
be determined but, if confirmed, would suggest that
MAP kinase activation triggers alternative regulators of
actin dynamics. Regardless of this, it makes good
physiological sense that antigen uptake can be acutely
enhanced in the context of microbial invasion, and the
dual link to MAP kinase activation is intriguing.
In a second study, Benvenuti and colleagues [11]
investigate the regulation of the mature dendritic cell
cytoskeleton during interaction with antigenically
naïve T cells. Using a combination of time-lapse video
microscopy and two-photon imaging, they demon-
strate that the normal dendritic cell cytoskeleton is
substantially reorganised following an initial brief
period of contact with T cells. This reorganisation pro-
vides the cue for polarisation of the cell body accom-
panied by a transient increase in speed of movement
toward the T cell, and the formation of a tight interac-
tion with the T cell, characterised by an engulfing net
of membrane extensions from the dendritic cell. This
type of activity was not observed in immature cells
in vitro, highlighting substantial differences in the
properties of the actin cytoskeleton, which presum-
ably adapts to the cellular context.
The signalling mechanisms responsible for the inter-
action between the mature dendritic cell and T cell
were further investigated using conventional chemical
and molecular inhibitors of the Rac/Cdc42/Ral
GTPases, which indicated a requirement for the
Cdc42/Rac/Ral pathway, but not for Rho, during for-
mation of stable conjugates and T cell priming. More
specifically, using mice genetically deficient in both
Rac1 and Rac2, it was possible to demonstrate an
absolute requirement for Rac for the normal migration
of dendritic cells to lymph nodes, displacement
toward T cells within lymph nodes, and formation of
dendrites and stable contacts following initial interac-
tion. (Gross cytoskeletal defects were not reliably
observed in cells deficient in either Rac1 or Rac2, sug-
gesting some compensatory function.) As a conse-
quence, the Rac1/Rac2 double-deficient cells were
unable to prime naïve T cells normally.
These studies provide an intriguing glimpse into the
physiological changes that occur during dendritic cell
activation, maturation, and interaction with a T cell,
and highlight the importance and dynamics of the
actin cytoskeleton during induction of normal immu-
nity (Figure 1). For the first time these data also show
us how coordinated changes of the cytoskeleton are
linked to the functional status of the cell. At a basic
level these findings are important. However, a detailed
understanding of the signaling pathways that mediate
changes in cytoskeletal activity may well also provide
us with new molecular targets for manipulation of a
range of immunological processes extending from
autoimmunity to vaccination.
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Figure 1. Regulation of dendritic cell
cytoskeletal structures.
The Rho GTPase family plays an important
role in regulating the dendritic cell
cytoskeleton. Cdc42 (and its effector
WASp), Rac and Rho are all required for
localisation and activity of specialized
adhesion plaques called podosomes and
membrane protrusions or dendrites in
immature dendritic cells (iDC). In addition,
endocytosis/macropinocytosis depends
on Rac and Cdc42. Toll receptor (TLR) sig-
naling through MAP kinases (MAPK) has
now been shown to upregulate antigen
uptake into endosomes/macropinosomes
and to participate in podosome disassem-
bly, suggesting that there might be a pur-
poseful redeployment of localized actin
polymerisation to suit function. Less is
known about cytoskeletal regulation in mature dendritic cells (mDC), but Rac1 and Rac2 have recently been demonstrated to be required
for dendrite protrusion and for formation of stable T cell contact sites, and consequently for generation of effective naïve T cell responses.
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